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IMMUNOPOTENTIATION 
TECHNICAL FIELD 

The invention relates to a class of molecules which when linked to an - 
immunogen can enhance the host's inimune response to that immunogen 
regardless of whether the complex is administered parenterally, enteral ly 
or orally. 

DEPOSITION OF STRAINS 
Reference to ATCC 67331, is to an E, colt strain deposited with the 
American Type Culture Collection at 12301 Parklawn Drive, Rockville, MD 
20852. USA on 2 March 1987. 

BACKGROUND ART 

In order to protect an animal against an Invading pathogen 
(bacterial, viral or parasite) it is often advisable to vaccinate the 
animal with the whole organism or with such subunits of the pathogen as to 
elicit a protective immune response in the host. The Immune response 
generated to such antigenic challenge can often be augmented by the 
co-administration of an immunopotentiating agent or adjuvant. The best of 
these agents are the depot type adjuvants (such as Freund's complete 
adjuvant. Freund's incomplete adjuvant and montanide). These adjuvants are 
capable of increasing the antibody response after antigen injection to some 
50 to 100 times the level obtained with antigen Injected alone. 

Whilst adjuvants such as Freund's complete adjuvant, Freund's 
Incomplete adjuvant and Montanide can greatly enhance the iirenune response 
to an antigen, they suffer from some disadvantages. When used with an 
antigen in an injectable form, large lesions often form at the site of 
injection, a situation which renders them unsatisfactory for such use in 
humans, pets or in meat animals. Furthermore, these adjuvants fail to act 
as immunopotentiating agents when administered orally or enteral ly. 

DESCRIPTION OF THE INVENTION 

This invention relates to a class of molecules which when linked 
chemically or genetically to an immunogen or hapten can enhance the host's 
immune response to the iimnunogen or hapten regardless of whether the 
complex is administered parenterally, enterally or orally. In addition 
their use does not result in the formation of large lesions at injection 
sites. 

Molecules which have this activity can be defined as having the 
general property of being membrane proteins and the examples described 
herein are from specific types of membrane proteins, more specifically the 
outer membrane proteins of Gram negative bacteria. Examples cited 
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specifically include the TraT protein, an outer membrane protein of certain 
strains of E. coH which is responsible for the resistance of these strains 
to killing by serum. Other proteins of this class are the E. coli outer 
membrane proteins OmpA and OinpF. When quantities of TraT, OmpA or OmpF 
(hereafter called carrier) are injected intramuscularly into mice, without 
adjuvant, an antibody response is elicited which is comparable to that 
elicited when a soluble protein such as BSA, flagellin or sheep IgG is 
mixed with Freund's incomplete adjuvant and then injected. In fact, the 
antibody response elicited by these outer membrane proteins is so high as 
to be only marginally increased by adjuvation with Freund's incomplete 
adjuvant. 

It has also been found that oral administration of TraT or OmpA 
results in the stimulation of significant titres of antl-TraT (1/4096) or 
anti-OmpA (1/892) serum antibodies. 

Similarly it has been found that feeding of moderate quantities 

g 10 

(10 -10 ) of Salmonella or E. coli containing TraT In the outer 
membrane also enhances production of anti-TraT antibodies. 

Covalent coupling of a hapten (Dlnitrophenol , DNP), peptide (CSP) or 
a protein (Bovine Serum Albumin, BSA) to OmpA or TraT also acts to enhance 
the Immune response to the DNP, CSP or BSA. 

In a first embodiment the Invention provides a complex comprising an 
immunogen coupled to a carrier molecule, such that the carrier molecule 
causes the immune response of a host to the immunogen to be enhanced when 
the complex is administered to said host, regardless of whether the complex 
is administered parenterally, enterally or orally, wherein said immunogen 
comprises either an antigen or a hapten and said carrier molecule comprises 
an integral membrane protein of prokaryote or eukaryote origin. 

In a preferred embodiment the carrier molecule is an outer membrane 
protein of a Gram negative bacterium. 

Preferably said Gram negative bacterium is E. coli or a Salmonella 
species. 

More preferably the carrier molecule is the TraT protein or the outer 
membrane protein OmpA or OmpF, produced by strains of E. coll . 

Preferred immunogens of the invention include CSP, the viral capsid 
protein VP7 from a rotavirus strain, and all or part of the eukaryotic 
protein minactivln. 

The immunogen-carrier complex may be formed by chemical means 
including: conjugation, for Instance, by using either a suitable 
conjugating or linking agent; and modification and/or reaction of 
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functional groups present on carrier and/or Immunogen. 

Thus» the Invention provides a process for the production of a 
complex comprising, an Immunogen coupled to a carrier molecule, said 
carrier molecule being an Integral membrane protein (imp), of prokaryote or 
eukaryote origin and said Immunogen comprising either an antigen or a 
hapten, wherein the carrier molecule causes the Immune response of a host 
to the immunogen to be enhanced when the complex Is administered to said 
host, regardless of whether the complex is administered parenteral ly, 
enteral! y or orally, which process comprises one or more of the following 
steps: 

a) reacting the Immunogen with the carrier to form said complex; 

b> chemically modifying the immunogen to provide at least one 
functional group capable of forming a chemical linkage, and 
reacting the modified immunogen and carrier to form said complex; 

c) chemically modifying the carrier to provide at least one 
functional group capable of forming a chemical linkage and 
reacting the immunogen and modified carrier to form said complex; 

d> chemically modifying- the Immunogen and the carrier to provide 
functional groups capable of forming a chemical linkage, and 
reacting the modified immunogen and modified carrier to form 
said complex; 

e> reacting the Immunogen with at least one linking agent and 

reacting the linked Immunogen and the carrier molecule to form 
said complex; 

f> reacting the carrier with at least one linking agent and 

reacting the immunogen and linked carrier to form said complex; 

g) reacting the Immunogen and carrier with at least one linking 
agent and reacting the linked immunogen and linked carrier to 
form said complex. 
A preferred process of the invention comprises: 

(I) chemically modifying an Immunogen to provide at least one 
functional group capable of forming a chemical linkage; and 

(II) reacting the modified immunogen and the carrier to form said 
complex. 

The linking agent may contain a disulfide bond or be cleavable by acid, 
base or perlodate. Examples of such linking agents include 
N-(4-a2ldophenylth1o)phthal1m1de, 4,4'-d1 thiobisphenylazide, dithiobis- 
(succinlmldylpropionate), dimethy1-3,3'-dith1obi sprop1onim1date.2HCl , 3,3'- 
dith1ob1s-(sulfosucc1n1m1dylpropionate>, ethyT-4-a2iodophenyl-l , 
4-dith1obutyrimidate.HCl , N-succinimidyl-(4-azidopheny1 )-l ,3'-dtthio- 
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propionate, sulfosuccinimidyl-Z-Cm-azldo-o-ni trobenzamido)-ethyl-l ,3'- 
dithiopropionate, sulfosucc1nimidy1-2-(p-a2idosalicylamido)-ethyl- 
1 ,3'dTthiopropionate, N-succ1nim1dyl-3-<2-pyridyldithio)prop1onate, 
sulfG3uCc1ni.T.idy1=(4-a2idoph9nyldithio)-propionate, and 2-iminothioIane. 
Preferred cross-linking agents are disucclnimldyl tartrate and b1s-C2- 
(succ1n1m1dy1oxycarbonyloxy)-ethyl]sulfone. 

Suitably, linking of the carrier and immunogen may be achieved by 
coupling the carrier to suitable groups of the Immunogen. 

Where the immunogen-carrler complex Is formed by chemical 
conjugation, for instance, by using either a suitable conjugating or 
linking agent, preferred conjugating or linking agents Include 
l-ethyl-3-(3-dimethy1-aminopropyl)carbodiimide. glutaraldehyde. m-Maleimido 
benzoic acid n-hydroxysuccinlmlde ester, or N, DIcychohexyl 
carbodilmide. 

The linkage between the Immunogen and the carrier molecule may also 
be made by the preparation of a hybrid protein molecule, such as is 
produced by recombinant DNA techniques by the insertion into, or addition 
to, the DNA sequence coding for the carrier, of DNA coding for the 
immunogen. 

Hence, the invention provides a process for the preparation of said 
complex of carrier molecule with immunogen, which process comprises 
preparing a hybrid protein molecule. In a preferred process the hybrid 
protein molecule is produced by recombinant DNA techniques, by the 
insertion into, or the addition to, the DMA sequence coding for the 
carrier, of DNA coding for the immunogen. 

The invention also provides a hybrid DNA sequence which consists of: 
a first DNA sequence comprising a DNA sequence which acts as a coding 
sequence for at least part of an integral membrane protein of prokaryote or 
eukaryote origin fused to a DNA sequence coding for the amino acid sequence 
of an immunogen; or a second DNA sequence which hybridizes to said first 
DNA sequence, from whatever source obtained, including natural, synthetic 
and semi -synthetic sources; a DNA sequence related by mutation. Including 
single or multiple base substitutions, deletions, insertions and inversions 
to said first DNA sequence; or a DNA sequence comprising sequences of 
codons which, on expression, code for a polypeptide displaying similar 
immunological or biological activity to a polypeptide coded for on 
expression of the codons of any of the foregoing hybrid DNA sequences and 
inserts. 

Preferred hybrid DNA sequences of the invention code for at least 
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part of TraT, OmpF or OmpA. linked to a DNA sequence coding for the amino 
acid sequence of an immunogen such that the resulting TraT-<OinpF or OmpA) 
hybrid proteins are exported to and exposed on the host cell surface. 

The invention also provides a fused gene comprising a hybrid DNA 
sequence of the Invention fused to a portable promoter. A preferred 
promoter according to the invention, is the Pj^ promoter of the 
bacteriophage lambda. 

Further, the invention provides, a recombinant DNA molecule which 
comprises a hybrid DNA sequence according to the invention and vector DNA. 
wherein the vector DNA is plasmid, bacteriophage, viral or cosmid DNA. 

A preferred recombinant DNA molecule of the invention includes an 
expression control sequence operatively linked to the hybrid DNA sequence. 

Particularly preferred recombinant DNA molecules according to the 
invention include: pBTA371, pBTA439, pBTA449, pBTA450 and pBTA586. 

Within the scope of the invention Is a process for the manufacture of 
a recombinant DNA molecule which process comprises: 

Introducing Into a cloning vehicle, a hybrid DNA sequence according 
to the invention. 

Preferably the process also Includes the step of introducing an 
expression control sequence into the cloning vehicle. 

The invention also provides a host transformed with at least one 
recombinant DNA molecule according to the invention. 

Suitable hosts include E. coll and Salmonella sp. 

A preferred transformant is ATCC 67331 (also designated CCTCC 87026). 

Also included within the scope of the invention is a process for 
transforming a host, which process comprises the step of: introducing into 
a host a recombinant DNA molecule according to the invention. 

In a further embodiment the invention provides the complex of carrier 
with immunogen adapted for parenteral injection into a host or adapted for 
oral or enteral administration, to elicit both a humoral and mucosal 
antibody response. 

Included within the scope of the invention is a process for the 
preparation of the complex of carrier with immunogen in a form adapted for 
parenteral, enteral or oral administration to a host which process 
comprises preparing the complex and adding it to a pharmaceutical ly 
acceptable diluent. 

Preferably the Invention provides a whole bacterial cell vaccine 
comprising a hybrid protein according to the invention is exposed on the 
bacterial cell surface for presentation to the immune system . The 
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whole cell vaccine may be a live or killed whole cell oral vaccine. 
Alternatively the hybrid protein can be purified from the cell membrane or 
cellular contents and used as a subunit vaccine administered parenterally, 
enteraily or orally. 

The invention also provides a process for the manufacture of a 
microorganism with the genetic information for the biosynthesis of a hybrid 
protein comprising at least an fmmunogen and a carrier comprising at least 
part of an imp of prokaryote or eukaryote origin, such that the resulting 
hybrid peptide is exposed on the host cell surface which process comprises 
culturing a microorganism carrying the necessary genetic information. 
Where the microorganism is used to provide a subunit vaccine, the process 
additionally comprises purifying the hybrid peptide from the cell membrane 
or cellular contents. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 Modifications of the immune response by adjuvants. 

Rabbits were injected i.m. with TraT, (Fig. la) and BSA (Fig. lb) 
alone or in combination with various adjuvants. TraT and BSA 
were mixed with F.I. A. (A-A); Montanide 888 (•-•>, 
Alhydrogel (□-□>; saline (x-x) Figs, la + lb. A comparison 
of the antibody response generated to TraT (x-x) OmpA (■ - ■) 
and OmpF (o-o) injected in saline is presented In Fig. Ic. 
Figure 2 Stimulation of the antibody response to DNP and BSA by coupling 
to TraT and OmpA. 

Dinitrophenylated preparations of TraT (+ +), 

Omp A (X X) and BSA (T f) were compared for 

their ability to stimulate anti-carrier (Fig. 2a) and anti-DNP 
antibody responses (Fig. 2b) following im injection. The 

antibody response to TraT (• #) and Omp A ( ■ ■) 

injected alone was also determined. Similarly BSA was injected 

in saline (0 0), mixed in FIA (f T) or 

covalentTy conjugated to TraT (7 V) or Omp A (□ U) 

and the anti-BSA response was determined (Fig. 2c). The 
anti-TraT and anti-Omp A responses to these congugates are shown 
in Fig. 2a. The immunopotentiating activity of imps was 
examined when BSA was injected covalently linked to TraT 

(V V) or Omp A (□ — □), when it was mixed with TraT 

(A A) or Omp A (■ ■) or when it was injected at a 

separate site from TraT (A A) or Omp A ( ) 

(Fig. 2d). 
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Figure 3a shows the construction of the plasmlds and pBTA449. pBTA439 and 
pBTA371. 

Figure 3b shows an SDS-PAGE and Hestern for expression of TraT and the 

TraT-VP7 fusion protein. 

Figure 3c shows an autoradlograph of cell surface labelled E.coll 

expressing TraT (Lane 1), TraT-VP7 (Lane 3) and control (Lane 

125 

2). Cells were labelled with I and lactoperoxidase. 
Figure 4a shows the construction of the plasmlds pBTA450 and pBTA586- 
Figure 4b shows the SDS polyacryl amide gel of a TraT minactlvin hybrid 
protein (TraTMIN) expressed from pBTA586 
Abbreviations (Fig. 3 and 4): Resistance to; ampiclllin, Ap^; 
chloramphenicol. Cm*"; mercuric chloride, Hg*; tetracycline, Tc; VP7 
structural gene. VP7; TraT structural gene, TraT,; TraT VP7 gene fusion, 
TraT-VP7; lambda bacteriophage P^^ promoter region, P^. Restriction 
endonucleases, Al, Alul; A, Aval; D, Oral B, BamHI; E, EcoRI; N, Ndel; Pv, 
PvuII; RV, EcoRV; Ss Ssfil. 

BEST MODE OF CARRYING OUT THE INVENTION 
The following examples illustrate preferred embodiments of the 
present invention, and are in no way limiting on the scope of the invention. 

EXAMPLE 1 

Isolation of TraT, OmpA and OmpF 

E.coll (Strain BTA 1352 containing the plasmid pBTA439> were grown in a 
fermenter at 30^*0 In MEB medium. Cells were harvested following 2 hours of 
heat induction of TraT at 42**C. Bacteria were concentrated to 2 litres 
using a 0.]]i hollow fibre cartridge in a Amicon DCIOLA concentrator. The 
cells were then washed with 10 litres of distilled water and reconcentrated 
to 800ml. The bacterial slurry was then removed from the concentrate and 
the outer membrane proteins (TraT, OmpA and OmpF) extracted from the cells 
by the addition of 200ml of IM sodium acetate buffer pH 2.5» followed by 1 
litre of lOX cetrimide (Sigma) In 40X ETON plus IM Ca Clg- The 
extraction was allowed to proceed overnight at room temperature, (RT) after 
which the bacteria were removed by centrifugation (17,000 xg, 20 min). 

TraT and OmpF were precipitated from the supernatant by the addition 
of ethanol to 50% and centrifugation (40000 xg, 10 min). OmpA was then 
precipitated from the final supernatant by addition of ethanol to 80%. 
Ion Exchange Chromatography 

The 50% ethanol pellet containing OmpF and TraT was resuspended in 
20mM Na acetate buffer pH5.0 containing 0.5% Zwittergent, and loaded onto a 
5x50cm column of DEAE Sepharose (Pharmacia Fine Chemicals) previously 
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equilibrated with 20mM Na Acetate buffer pHS.O containing 0.1% 
Zwittergent. TraT was found In the column flow through, and bound OmpF was 
eluted from the column using a linear gradient of 0-1. OM NaCl in 
equilibration buffer. Fractions were analysed by SDS-PAGE using a 
modification of the method of Laemmll (Laemmll, U.K. NATURE (LONO) 227:680 
1970; Salit et al., J.Exp. Med . 151:716- 1980) and fractions containing 
isolated TraT or OmpF were pooled and concentrated by ethanol precipitation. 
Sephacryl S-300 chromatography 

The 80% ethanol pellet containing OmpA was resuspended in 1% SOS in 
20 mM Tris. HCl.pH 8.8. Fractions were collected, analysed by SDS-PAGE and 
fractions containing OmpA were pooled and concentrated by ethanol 
precipitation. 

Proteins purified by the above methods were found to be free of LPS 
when examined by SDS-PAGE and silver stained by the method of Tsai CM. and 
Frasch, C.E. Anal. Blochem 119:115. (1982). 
Dinitrophenylation of Carriers 

TraT, OmpA and OmpF were dintrophenylated according to the method of 
Little and Elsen "Methods in Immunology and Immunochemistry" (E.D. 
Williams, CA and Chase, M.M.) 1. p. 128 Academic Press, N.Y. (1957). 
Briefly, carriers (in O.IM carb/bicarb buffer pH9.5) were reacted with a 

0. TM solution of DNFB (in Acetone) overnight at RT. The proteins were then 
dialysed extensively against the coupling buffer. 

Glutaraldehvde coupling 

Bovine serum albumin (BSA) (from Sigma Chemical Co. St. Louis, Miss.) 
was coupled to TraT, OmpA and OmpF using the two step glutaraldehyde 
procedure of Avrameus et al (1978). Briefly, BSA was reacted with 0.2% 
glutaraldehyde for 2 hrs at R.T. The protein was then dialysed overnight 
against carb/bicarb buffer pH 9,5 followed by the addition of omp's at a 
molar ratio's of 1:1 BSA:omp and reacted for 24 hrs at RT. Finally 
ethanolamlne (Sigma) was added to a final concentration of O.IM, (1 hr, RT) 
followed by overnight dialysis at 4C against O.IM carb/bicarb buffer pH 9.5. 
ANTIGEN ADMINISTRATION 

1. Rabbits 

New Zealand white rabbits (2-2. 5kg) were injected Intramuscularly 
with antigen in 0.5ml of sterile physiological saline. 

Injections were performed on days 0 and 36. Weekly bleedings were 
obtained from the longitudinal vein in the rabbits ear and antibody titres 
were measured by a standard ELISA using TraT, OmpA, BSA or DNP-sheep IgG as 
coating antigens. 
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2. Mice 

Female C57BL/6J mice (18-22gm) were obtained from the Animal 
Resources Centre (Perth, Western Australia). All mice were starved for 3-4 . 
hours prior to oral or intramuscular (i.m.) administration of antigens. 
Mice were fed antigen at appropriate concentrations in 0.5ml of O.IM 
carb/bl carbonate buffer pH9.5 using a specially prepared feeding needle. 
Parallel doses of antigen were injected i-m,, in 0.1ml of sterile 
physiological saline, into the left hind leg. Groups of 5 mice receiving 
antigen either orally or im were given two identical doses of antigen, on 
day 0 and day 14. A blood sample was taken (approx. 0.5ml) from the 
retro-orbital plexus on day 14 and day 21. Mice were then sacrificed by 
cervical dislocation and gut washes performed on the small intestine in the 
following manner. The small intestine was carefully removed and a small 
quantity of washing buffer (1.0ml, 30 mM TrIs.HCl pH8.8, 0.9X NaCl , 50 mM 
EDTA plus 1.0% Tween 20) introduced into the lumen of the gut via a blunt 
ended feeding needle- After gently kneading the intestine and contents 
were squeezed out through forefinger and thumb. Gut washes so obtained 
were immediately centrlfuged to remove debris and stored at -20*C until 
assayed. Blood samples were allowed to clot at 4**C before removal of the 
serum and storage at -20**C. 
Enzyme Linked Immunosorbent Assay (ELISA) 

The ELISA for the determination of antibody titres was perfomed as 
described previously by Russell-Jones et al. 3. Exp. Med 160:1467,(1984). 
Titres are expressed as the reciprocal of the antiserum dilution, which 
gave a ELISA reading of 0.5 after 45 mins at 37*C. 

EXAMPLE 2 

Effect of adjuvant on the antibody response to Integral membrane proteins 

The potential of imps to act as self adjuvanting molecules when 
Injected I.m. was examined. The antibody titre generated when TraT Fig 
(la, X - x) or BSA Fig (lb x - x) were injected alone was compared to that 
generated when TraT (Fig la) or BSA (Fig lb) were mixed with a number of 
adjuvants. 

Intramuscular administration of TraT, in saline quickly elicited high 
titres of serum antibody to the immunizing agent (Fig la). In fact the 
titres generated by TraT in saline could only be Increased by a factor of 
4-8 fold by injection of this antigen in adjuvants such as montanide or 
FIA (Fig. la). This is in direct contrast to the response generated by 
the soluble antigen BSA. In this case a popr antibody response was 
generated to the antigens administered in saline, but was markedly 
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increased 60-100 fold by injection of the antigen in FIA or montanide 
(Fig. lb). 

Similarly injection of OtnpA and OmpF in saline alone also elicited 
high serum Ab titres. In fact*, surprisingly similar antibody titres were 
elicited by Injection of lOOjig TraT. OmpA or OmpF (Fig Ic). 

EXAMPLE 3 

Examination of the adluvantinq ability of immunogen - imp complexes 

TraT and OmpA were examined for their ability to augment anti-hapten 
(DNP) and anti-protein (BSA) responses. The two imps were substituted with 
DNP using dini trofluorobenzene (see Example 1) or were glutaraldehyde 
cross-linked to BSA (see Example 1) and then injected i.m. 

Coupling of DNP or BSA to either TraT or OmpA had little effect on 
the generation of an anti-imp response (Fig. 2a, cf Ic). 
Dinitrophenylation of the imps did however increase the anti-DMP response 
some four to sixteen fold higher than the response seen to DNP-BSA when it 
was injected in saline (Fig. 2b>. Similarly the anti-BSA response was 
greatly enhanced when BSA was administered in FIA (fig. 2c). The 
iromunopotentiating effect of TraT or OmpA on the anti-BSA response was 
greatest when BSA was covalently linked to the imps. In fact injection of 
BSA at a separate site from the imp actually depressed the secondary 
response to BSA (cf 2d and 2c). 

EXAMPLE 4 

Effect of Dose on the immune response to TraT 

The effect of increasing dose of TraT administered either i.m. or per 
OS. was examined in mice. 

Groups of S mice were immunized by intramuscular injection or oral 
feeding with increasing doses of TraT. Mice received doses on day 0 and 
day 14. On day 21 mice were bled, sacrificed and gut washes obtained. 
Antibody titres were increased by ELISA. 

As can be seen from Table 1 increasing doses of TraT administered 
orally or parenterally led to a dose dependent increase in serum anti-TraT 
Ab response. 

Parenteral administration was however much more effective than oral 
administration- 
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TABLE T 
Dose of 
antigen 



intramuscular 



- n - 

Route of administration 
per OS 





serum 




igG 


serum 




IgG 


Gut 




IgA 


Gut 




IgA 


0.1 






900 








6 


+ 


2 


7 


+ 


4 


1 

1 






1 ,300 


/ 


+ 


2.6 


9 


± 


3 


6 


+ 


2 


2 


10,809 


+ 


1,900 


2 


+ 


2 


13 


+ 


5 


56 


+ 


8 


5 


5,405 




400 


13.9 


+ 


9 


24 


± 


3 


42 


+ 


7 


10 


28,526 




7,280 


12.0 


+ 


2 


16 


+ 


4 


18 


+ 


5 


25 


24,833 


± 


6,040 


9.1 


+ 


3 


6 


+ 


2 


7 


+ 


4 


50 


49,667 


± 


13,020 


97 


+ 


25 


9 


+ 


5 


11 


+ 


6 


100 


65,536 


+ 


16,000 


64 


+ 


36 














200 


150,562 


+ 


64,000 


675 


+ 


400 


32 


+ 


20 


14 


+ 


7 


400 


86,475 


+ 


19,000 


97 


+ 


45 


6 


+ 


2 


24 


+ 


13 



EXAMPLE 5 

Examination of the hapten density on the ability of the imps to act 
as carriers for an anti-DNP response 

TraT, OmpA and OmpF were substituted with different ratios of DNP:1mp 
as described In Example 1. Groups of 5 mice were injected i.m with 50|ig 
doses of the DNP : carrier complex on daj^s 0 and 14. On day 21 mice were 
bled and the Ab titres determined by ELISA. 

Increasing the substitution ratio of DNP to carrier from 0.5 : 1 to 
4 : 1 Increased the antl-hapten response considerably. Substitutions of 
greater than 10 : 1 appeared to decrease the anti-hapten response. 
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TABLE 2 

Antigen Substitution Route 



DNP TraT 


0.5 


: 1 i .m 




1 


: 1 i.m 




2 


: 1 I.m 




4 


: 1 Km 


DNP-ompA 


0.5 


: 1 I.m 




1 . 


: 1 1 .m 




2 ' 


; 1 1 .m 




4 . 


, 1 i .m 


DNP - omp F 


0.5 : 


: 1 1 .m 




1 ' 


: 1 i .m 




2 : 


1 1 .m 




4 : 


. 1 1 .m 



- 12 - 

Antibody response (serum IgG) 



21 


+ 


13 


337 




71 


1552 


+ 


536 


3104 


+ 


954 


84 




20 


256 




109 


776 


+ 


164 


7 


+ 


4 


49 




12 


97 


+ 


28 



337 + 115 



EXAMPLE 6 

Generation of an antl-CSP response by coupling to TraT 

A synthetic peptide derived from the circumsporozoi te protein (CSP) 
antigen of P- falciparum of the following sequence: Cys (Asn Pro Asn 
Ala)^, was synthesized and used to conjugate to TraT in order to examine 
the adjuvating effect of TraT for the peptide antigen. 

The CSP antigen was coupled to Tra T using either glutaraldehyde or 
maleimidobenzoic acid n-hydroxy succinimide ester <MBS). Conjugates 
prepared in this way were injected Into a) rabbits on day 0, day 28, which 
were then bled on day 38, or b) groups of 5 mice on day 0 and 14. Mice 
were then bled on day 21'. Antibody titres were determined as described 
previously. 

Immunization of rabbits or mice with the CSP antigen coupled to TraT 
using either glutaraldehyde or MBS. resulted in the stimulation of an 
antl-CSP response which was comparable to that seen when the antigen was 
coupled to BSA and injected in montanide. 
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TABLE 3 



Antigen 


Coupling 


Animal 


Dose 


Antibody 


Response 


(serum) 


procedure 




(jig) anti TraT 


anti CSP 


CSP=TraT 


glutaraldehyde 


rabbit 


200 


28.526 


147 


CSP-TraT 


MBS 


rabbit 


200 


12,417 


1.024 


CSP + montanlde 




rabbit 


200 


28 




CSP-BSA+montanlde 


glutaraldehyde 


rabbit 


200 




2,353 


CSP-TraT 


glutaraldehyde 


mouse 


50 


228.209 


32 


CSP - TraT 


MBS 


mouse 


50 


3.566 


128 


CSP + montanlde 




mouse 


50 






CSP-BSA + montanlde glutaraldeh^de 


mouse 


50 




9 



EXAMPLE 7 

Genetic construction of a TraT-lmmunoqen protein complex . 

The gene coding for the TraT protein Is located on the R plasmid RlOO 
(or R6-5> and the nucleotide sequence of this gene has been determined 
(Ogata et al. a. Bacterlol 151: 819-827). TraT is an ollgomeric 
lipoprotein situated In the outer membrane which Is simultaneously exposed 
at the cell surface and associated with pepti dog 1 yean, an Internal 
structure. Using these facts a plasmid vector was constructed (Fig. 3a) by 
Initially cloning a 6.0 kb EcoRI fragment of the RlOO plasmid which 
contains TraT into the multicopy plasmid pBR329. Further deletion of an 
unwanted 3 kb BamHI fragment and inactlvatlon, by Insertion of a small 
blunted ended Haelll fragment of M13mp8, in an EcoRV site produced 
pBTA449. This vector plasmid contains the natural TraT promoter which 
directs the synthesis of TraT. The expression of TraT (or TraT-hybrid 
proteins subsequently constructed) can be boosted by the replacement Of the 
weak TraT natural promoter with the strong lambda bacteriophage P^ 
promoter (e.g. in plasmid pBTA439 Fig. 3a or pBTA586 Fig. 4a). The TraT 
gene contains an EcoRV site (unique to pBTA449) where foreign DNA sequences 
may be inserted such that fusions between TraT and the encoded foreign 
protein are exported correctly to the cell surface and result in exposure 
of the foreign protein segment at the cell surface. 

In one example the gene for a viral cap'sid protein (VP7) was used to 
form TraT-VP7 hybrid proteins. VP7 is a structural protein of rotavirus 
and antibodies raised against purified VP7 protein effectively neutralize 
viral infectivity in cell culture (Dyall-Smith etal 1985 In Infectious 
Diarrhoea in the young ed. S.Tzlporl). Thus the VP7 protein, in an 
appropriately expressed form, is a prime candidate for inclusion in a. 
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rotavirus vaccine. 

An Alul PvuII restriction fragment of the rotavirus NCDV VP7 gene was 
cloned into the EcoRV site of plasmid pBTA449 and subsequently 
overexpressed with the P, promoter (pBTA37], Fig. 3a). For expression 
the plasmid pBTA371 was used to transform E.coli K-12 strain N4830 (Joyce 
etal. PNAS 80. 1830-1834 1983) which contains the thermolabile cl repressor 
of Lambda. Cells transformed with pBTA371 were grown overnight in MEB 
medium (Mott et al PNAS 82. 88-92 1985) with lOOug/ml ampicillin at 30°C. 
Cells were diluted in MEB medium, grown at 30'C to an CD^qq of 1.0 when 
prewarmed <65') MEB medium was added in equal volume to equilibrate the 
temperature to 42'C. Following 4 hours of growth at 42*C the cells were 
harvested and examined for induction of the TraT-VP7 hybrid protein. In 
E-coli N4830 high level expression of the TraT-VP7 protein complex (10-15% 
total cell protein or greater than 500,000 copies per cell) was observed. 
A significant proportion of this complex was present in the outer membrane 
fraction (Fig. 3b, 3c). 

In another example a method of producing a protein that is a hybrid 
of part of the TraT protein coding sequence and all or part of a eukaryotic 
protein coding sequence, minactivin, follows. 

As shown in Fig. 4a the plasmid pBTA440 was digested with Sspl and 
Oral and a lllObp fragment was isolated from an agarose gel. This fragment 
was ligated to the vector pBTA449 digested with EcoRV creating pBTA450. 
PBTA450 was then digested with Aval and a purified 2800 bp fragment 
ligated to the plasmid pLK57 digested with Aval to create plasmid pBTA586. 
This places part of the minactivin coding sequence under the control of the 
lambda P,_ promoter and fused to the coding sequence of the first 80 amino 
acids of TraT gene, the first 20 of which constitutes a signal sequence 
that results in the hybrid appearing in the outer membrane of E.coli . This 
signal sequence is cleaved off during transport to the outer membrane, 
which is the normal location of the TraT protein. 

When plasmid pBTA586 is transformed into an appropriate host, such as 
N4830. and induced with temperature shift as described above, the 
TraT-minactivin hybrid protein appears in the outer membrance fraction, as 
shown in Figure 4b. 

EXAMPLE 8 

Oral feedi ng of strains expressing TraT in the outer membrane 

Female C57B1/65 mice (20-25 g) were fed 10^-10^*^ bacteria (E^ 
coH or a galE" mutant of S. tvphimurium ) expressing TraT in their outer 
membranes. Controls received the same strains without the TraT protein. 
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After 1 week mice were bled and the anti-TraT tltres measured as outlined 
previously. 

Results are expressed In Table 4 as reciprocal antibody titre and 
rsprssent the average of 10 mice. 
TABLE 4 







Anti 


TraT 


Anti 


OmpA 


Strain 


TraT 


Serum 


Intestine' 


Serum 


Intestine 


E. coll 




3 


5.2 


14 


2 




+ 


350 


15 


110 


2 


Salmonella 




12 


2 


NO 


ND 




+ 


650 


6 


NO 


NO 



INDUSTRIAL APPLICATION 
The current Invention is of use In the preparation of vaccines for 
use in humans, pets and meat animals, and In general for potentiating the 
response to an antigen on oral, enteral or parenteral administration. 
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CLAIMS 

1. A complex comprising an immunogen coupled to a carrier molecule, 
such that the carrier molecule causes the immune response of a host to the • 
immunogen to be enhanced when the complex is administered to said host, 
regardless of whether the complex is administered parenteral ly, enteral ly 

or orally, wherein said immunogen comprises either an antigen or a hapten 
and said carrier molecule comprises an Integral membrane protein of 
prokaryote or eukaryote origin. 

2. A complex according to claim 1 wherein said carrier molecule is 
an outer membrane protein of a Gram negative bacterium. 

3. A complex according to claim 2 wherein said carrier molecule is 
a membrane protein of E. coli or a Salmonella species, 

4. A complex according to claim 3 wherein said membrane protein Is 
the TraT protein, or the outer membrane protein OmpA, or the outer membrane 
protein OmpF, produced by strains of E. coli . 

5. A complex according to claim 4 wherein said membrane protein is 
the protein TraT. 

6. A complex according to any one of claims 1 to 5, wherein the 
immunogen is CSP, the viral capsid protein VP7 from a rotavirus, or all or 
part of minactivin. 

7. A complex according to any one of claim 1 to 6 wherein coupling 
of carrier to Immunogen is by chemical means. 

8. A complex according to claim 7 wherein said coupling is by 
chemical conjugation comprising use of either a conjugating or linking 
agent. 

9. A complex according to claim 8 wherein said conjugating or 
linking agent Is 1 -ethyl -3-(3-di methyl- amInopropyDcarbodiimide, 
glutaraldehyde, m-Maleimido benzoic acid n-hydroxysuccinlmide ester, or N, 

dicychohexyl carbodiimide. 

10. A complex according to claim 8 wherein said linking agent 
contains a disulfide bond or is cleavable by acid, base or periodate. 

11. A complex according to claim 10 wherein the linking agent is 
selected from N-(4-a2ldophenylth1o)phthalimide, 4,4'-d1 thiobisphenylazide, 
dlthiobis-(succinimidylproplonate), d1methyl-3,3'-di thiobispropionimidate. 
2HC1, 3,3'-d1th1ob1s-<sulfosuccinimidylpropionat6). ethyl -4-az1odophenyl- 
1, 4-dithiobutyrimidate,HCl , N.succinimidyl-(4-a2ldophenyl)-l ,3*-d1thi0" 
propionate, sulfosucc1nim1dyl-2-<m-a2idO"0-n1trobenzamido)-ethyl-l ,3*- 
dithiopropionate, sulfosucc1nimidyl-2-(p-azidosa1 icylamido)-ethyl- 
l .3'dith1oprop1onate. N-succinim1dyl"3-(2-pyr1dyldithio)propionate. 
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sulfosucc1n1in1dyl-(4-az1dophenyld1th1o)-prop1onate» 2-imlnoth1olane- 
disucclnimidyl tartrate and bis-C2-(succ1nimidyloxycarbonyloxy)-ethyl]- 
sulfone. 

12. A complex according to claim 11 wherein the linking agent is 
Z-iminothiolanedisuccinimidyl tartrate or bis-[2-(succinim'ldyloxy-' 
carbonyloxy)-ethyl]sulfone. 

13. A process for the preparation of a complex according to any one 
of claims 1 to 12 which process comprises coupling the carrier molecule to 
the immunogen by chemical means. 

14. A process according to claim 13 wherein the process comprises 
one or more of the following steps: 

a) reacting the immunogen with the carrier to form said complex; 

b) chemically modifying the immunogen to provide at least one 
functional group capable of forming a chemical linkage* and 
reacting the modified immunogen and carrier to form said complex; 

c) chemically modifying the carrier to provide at least one 
functional group capable of forming a chemical linkage and 
reacting the Immunogen and modified carrier to form said complex; 

d) chemically modifying the immunogen and the carrier to provide 
functional groups capable of forming a chemical linkage, and 
reacting the modified immunogen and modified carrier to form 
said complex; 

e) reacting the immunogen with at least one linking agent and 
reacting the linked immunogen and the carrier molecule to form 
said complex; 

f) reacting the carrier with at least one linking agent and 
reacting the Immunogen and linked carrier to form said complex; 

g) reacting the immunogen and carrier with at least one linking 
agent and reacting the linked Immunogen and linked carrier to 
form said complex. 

15. A process according to claim 14 which process comprises: 

(I) chemically modifying an Immunogen to provide at least one 
functional group capable of forming a chemical linkage; and 

(II) reacting the modified immunogen and the carrier to form said 
complex. 

16. A complex according to any one of claims 1 to 6 wherein said 
coupling is by means of genetic linkage. 

17. A complex according to claim 16 wherein the complex comprises a 
hybrid protein molecule. 
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18. A process for the preparation of a complex according to claim 
17, which process comprises preparing a hybrid protein molecule by 
recombinant DMA techniques* 

A process according to claim IS \tfhere the Gomplax is produced by 
inserting into or adding to the DMA sequence coding for the carrier, DNA 
coding for the immunogen. 

20. A hybrid DNA sequence which consists of: a first DNA sequence 
comprising a DMA sequence which acts as a coding sequence for at least part 
of an integral membrane protein of prokaryote or eukaryote origin fused to 
a DNA sequence coding for the amino acid sequence of an immunogen; or a 
second DNA sequence which hybridizes to said first DNA sequence, from 
whatever source obtained, including natural, synthetic and semi-synthetic 
sources; a DNA sequence related by mutation, including single or multiple 
base substitutions, deletions, insertions and inversions to said first DNA 
sequence: or a DNA sequence comprising sequences of codons which, on 
expression, code for a polypeptide displaying similar immunological or 
biological activity to a polypeptide coded for on expression of the codons 
of any of the foregoing hybrid DNA sequences and inserts. 

21. A hybrid DNA sequence according to claim 20 wherein said hybrid 
ONA sequence codes for at least part of TraT, OmpF or OmpA linked to a DNA 
sequence coding for the amino acid sequence of an immunogen. 

22. A hybrid DNA sequence according to claim 21 wherein said hybrid 
DNA sequence codes for at least part of TraT linked to a DNA sequence 
coding for the amino acid sequence of an immunogen, 

23. A hybrid DNA sequence according to claim 21 or 22, said DNA 
sequence coding for a TraT, OmpF or OmpA hybrid protein capable of being 
exported to and exposed on the surface of a host cell. 

24. A fused gene comprising a hybrid DNA sequence according to any 
one of claims 20 to 23 fused to a portable promoter. 

25. A fused gene according to claim 24 wherein the promoter is the 
Pj^ promoter of the bacteriophage X. 

26. A recombinant DNA molecule comprising a hybrid DMA sequence or 
fused gene according to any one of claims 20 to 25 and vector DNA. 

27. A recombinant DNA molecule according to claim 26 wherein the 
vector DNA is of plasmid, bacteriophage, viral or cosmid origin. 

28. A recombinant DNA molecule according to claim 27 which comprises 
an expression control sequence operatively linked to the hybrid DNA 
sequence. 

29. The recombinant DNA molecule pBTA371 ,pBTA439, pBTA449, pBTA450 
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or pBTA 586- 

30. A process for the production of a recombinant DNA molecule 
according to any one of claims 25 to 29 which process comprises: 

introducing Into vector DNA, a hybrid DNA sequence or fused gene 
according to any one of claims 20 to 27. 

31. A process according to claim 30 which process additionally 
comprises introducing an expression control sequence into the vector DNA. 

32. A transformant host comprising a host cell transformed with at 
least one recombinant DNA molecule according to any one of claims 26 to 29. 

33. A transformant host according to claim 32 wherein the host is 
E. coli or a Salmonella species. 

34. ATCC 67331, 

35. A process for the transformation of a host comprising: 
introducing into a host a recombinant DNA molecule according to any 

one of claims 26 to 29. 

36. A whole bacterial cell vaccine comprising a hybrid protein 
according to claim 16 exposed on the bacterial cell surface for 
presentation to the immune system. 

37. A whole cell vaccine according to claim 36 which vaccine is a 
live or killed whole cell oral vaccine. 

38. A vaccine comprising a hybrid protein according to claim 17 
purified from the cell membrane or cellular contents. 

39. A process for the manufacture of a microorganism with the 
genetic information for the biosynthesis of a hybrid protein comprising at 
least an iiranunogen and a carrier said carrier comprising at least part of 
an imp of prokaryote or eukaryote origin, such that the resulting hybrid 
protein is exposed on the host cell surface, which process comprises 
culturing a microorganism carrying the necessary genetic information. 

40. A process for the production of a subunit vaccine which process 
comprises purifying a hybrid protein according to claim 17 from the cell 
membrane or cellular contents of a microorganism produced by a process 
according to claim 39. 

41. A process for the preparation of a complex of carrier with 
immunogen in a form adapted for parenteral, oral, or enteral 
administration to a host which process comprises: 

preparing the complex and adding it to a pharmaceutical ly acceptable 
diluent. 

42. A complex according to any one of claims 1 to 6 adapted for 
parenteral, enteral or oral administration to a host. 
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1. A complex comprising an Immunogen coupled to a carrier molecule, 
characterised In that said carrier molecule causes enhancement of the immune 
response of a host to said immunogen, such that said enhancement is not 
substdntldlly increassd by the addition of an adjuvant to said complex when 
said complex is administered to said host, regardless of whether said complex 
is administered parenterally, enterally or orally, wherein said Immunogen 
comprises either an antigen or a hapten and said carrier molecule comprises an 
Integral membrane protein of prokaryote or eukaryote origin. 

2. A complex according to claim 1 wherein said carrier molecule is an 
outer membrane protein of a Gram negative bacterium. 

3. A complex according to claim 2 wherein said carrier molecule is a 
membrane protein of E- coll or a Salmonella species. 

4. A complex according to claim 3 wherein said membrane protein is the 
TraT protein, or the outer membrane protein OmpA, or the outer membrane 
protein OmpF, produced by strains of E. coll . 

5. A complex according to claim 4 wherein said membrane protein is the 
protein TraT. 

6. A complex according to any one of claims 1 to 5, wherein the 
immunogen is CSP, the viral capsid protein VP7 from a rotavirus, or all or 
part of minactlvin. 

I, A complex according to claim 6, wherein the immunogen Is CSP, 

8. A complex according to any one of claim 1 to 7 wherein coupling of 
carrier to immunogen is by chemical means. 

9. A complex according to claim 8 wherein said coupling is by chemical 
conjugation comprising use of either a conjugating or linking agent. 

10. A complex according to claim 9 wherein said conjugating or linking 
agent is l-ethyl-3-(3-dimethyl- aminopropyl >carbodi imide, glutaraldehyde, 
m-Malelmldo benzoic acid n-hydroxysucc1nimide ester, or N, dicychohexyl 
carbodi imide. 

II. A complex according to claim 9 wherein said linking agent contains 
a disulfide bond or is cleavable by acid, base or perlodate. 

12. A complex according to claim 11 wherein the linking agent is 
selected from N-(4-az1dopheny1thio)phthal imide, 4,4*-dT thiobisphenylazide, 
di thiobi s-<succi ni ml dyl propionate) , dimethyl-3,3*-di thiobi sproplonimidate. 
2HC1 , 3,3'-di thiobi s-(su I fosuccinimi dyl propionate ) , ethyl -4-aziodophenyl- 
1 . 4-d1thiobutyr1m1date,HCl , N-succ1nimidyl-(4-azidophenyl )-l .3'-dithio- 
propionate, sulfosuccinimidyl-2^(m-az1do-o-ni trobenzamido)'ethyl.l ,3'- 



wo 87/06590 PCr/AU87/00107 

dithlopropionate, su1fosucc1nimidyl-2-<p-az1dosal icylamido)-ethy^- 
l .3'di thiopropionate, N-succin1fn1dyl-3-(2-pyridyldith1o)propionate. 
sulfosucc1n1m1dyl-(4-az1dopheny1dithio)-propionate, 2-1m1nothfolane- 
disuccinlmldyl tartrate and bis-C2-(succinimfdyloxycarbonyloxy)-ethyl]- 
suifone. 

13. A complex according to claim 12 wherein the linking agent is 
2-im1nothiolanedisuccin1midyl tartrate or b1s-C2-{succinimidyloxy- 
carbonyloxy)-ethyl ]sulfone. 

14. A process for the preparation of a complex according to any one of 
claims 1 to 13 which process comprises coupling the carrier molecule to the 
immunogen by chemical means. 

15. A process according to claim 14 wherein the process comprises one 
or more of the following steps: 

a) reacting the immunogen with the carrier to form said complex; 

b) chemically modifying the immunogen to provide at least one 
functional group capable of forming a chemical linkage, and 
reacting the modified immunogen and carrier to form said complex; 

c) chemically modifying the carrier to provide at least one functional 
group capable of forming a chemical linkage and reacting the 
Immunogen and modified carrier to form said complex; 

d) chemically modifying the immunogen and the carrier to provide 
functional groups capable of forming a chemical linkage, and 
reacting the modified immunogen and modified carrier to form said 
complex; 

e) reacting the immunogen with at least one linking agent and reacting 
the linked immunogen and the carrier molecule to form said complex; 

f) reacting the carrier with at least one linking agent and reacting 
the immunogen and linked carrier to form said complex; 

g) reacting the' immunogen and carrier with at least one linking agent 
and reacting the linked Immunogen and linked carrier to form said 
complex, 

16. A process according to claim 15 which process comprises: 
(1) chemically modifying an immunogen to provide at least one 

functional group capable of forming a chemical linkage; and 
(1i) reacting the modified immunogen and the carrier to form said 
complex, 

17. A complex according to any one of claims 1 to 7 wherein said 
coupling is by means of genetic linkage. 
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18. A complex according to claim 17 wherein the complex comprises a 
hybrid protein molecule. 

19. A process for the preparation of a complex according to claim 18. 
which process comprises preparing a hybrid protein molecule by recombinant DNA 

forhnlniie?; . 

~i — - 

20. A process according to claim 19 where the complex Is produced by 
Inserting into or adding to the DNA sequence coding for the carrier, DNA 
coding for the immunogen. 

21. A hybrid DMA sequence comprising: a first DNA sequence comprising a 
coding sequence for a complex comprising a carrier molecule comprising at 
least part of an integral membrane protein of prokaryote or eukaryote origin 
fused to an Immunogen; or a second DNA sequence which hybridizes to said first 
DNA sequence, from whatever source obtained, including natural, synthetic and 
semi-synthetic sources; a DNA sequence related by mutation, including single 
or multiple base substitutions, deletions, insertions and inversions to said 
first DNA sequence; or a DNA sequence comprising sequences of codons which, on 
expression, code for a polypeptide displaying similar Immunological or 
biological activity to a polypeptide coded for on expression of the codons of 
any of the foregoing hybrid DNA sequences and inserts characterised in that 
said carrier molecule causes enhancement of the immune response of a host to 
said immunogen, such that said enhancement is not substantially increased by 
the addition of an adjuvant to said complex when said complex is administered 
to said host, regardless of whether said complex is administered parenteral ly, 
enteral ly or orally and said immunogen comprises an antigen or hapten. 

22. A hybrid DNA sequence according to claim 21 wherein said hybrid DNA 
sequence codes for at least part of TraT, OmpF or OmpA fused to an immunogen. 

23. A hybrid DNA sequence according to claim 22 wherein said hybrid DNA 
sequence codes for at least part of TraT fused to an immunogen. 

24. A hybrid DNA sequence according to claim 22 or 23, said DNA 
sequence coding for a TraT, OmpF or OmpA hybrid protein capable of being 
exported to and exposed on the surface of a host cell, 

25. A fused gene comprising a hybrid DNA sequence according to any one 
of claims 21 to 24 fused to a portable promoter. 

26. A fused gene according to claim 25 wherein the promoter is the P, 
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promoter of the bacteriophage X- 

27. A recombinant DNA molecule comprising a hybrid DNA sequence or 
fused gene according to any one of claims 21 to 26 and vector DNA. 

28. A recombinant DNA molecule according to claim 27 wherein the vector 
DNA is of plasmid, bacteriophage, viral or cosmid origin. 

29. A recombinant DNA molecule according to claim 28 which comprises an 
expression control sequence operatively linked to the hybrid. DNA sequence. 

30. The recombinant DNA molecule pBTA371 ,pBTA439, pBTA449. pBTA450 or 
pBTA 586. 

31. A process for the production of a recombinant DNA molecule 
according to any one of claims 27 to 30 which process comprises: 

introducing into vector DNA, a hybrid DNA sequence or fused gene 
according to any one of claims 21 to 28. 

32. A process according to claim 31 which process additionally 
comprises introducing an expression control sequence Into the vector DNA. 

33. A transformant host comprising a host cell transformed with at 
least one recombinant DNA molecule according to any one of claims 27 to 30. 

34. A transformant host according to claim 32 wherein the host is 
E. coll or a Salmonel la species. 

35. ATCC 67331 . 

36. A process for the transformation of a host comprising: 
introducing into a host a recombinant DNA molecule according to any one ' 

of claims 27 to 30. 

37. A whole bacterial cell vaccine comprising a hybrid protein 
according to claim 17 exposed on the bacterial cell surface for presentation 
to the Immune system. 

38. A whole cell vaccine according to claim 37 which vaccine is a live 
or killed whole cell oral vaccine. 

39. A vaccine comprising a hybrid protein according to claim 18 
purified from the cell membrane or cellular contents. 

40. A process for the manufacture of a microorganism with the genetic 
information for the biosynthesis of a hybrid protein comprising at least an 
immunogen and a carrier said carrier comprising at least part of an Imp of 
prokaryote or eukaryote origin, such that the resulting hybrid protein is 
exposed on the host cell surface, which process comprises culturing a 
microorganism carrying the necessary genetic information, 

41. A process for the production of a sufaunit vaccine which process 
comprises purifying a hybrid protein according to claim 18 from the cell 
membrane or cellular contents of a microorganism produced by a process 
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according to claim 40, 

42» A process for the preparation of a complex of carrier with 
imraunogen in a form adapted for parenteral, oral, or enteral administration 
to a host which process comprises: 

preparing the complex and adulng It to a pharmaceutical ly acceptable 
diluent. 

43. A complex according to any one of claims 1 to 7 adapted for 
parenteral, enteral or oral administration to a host. 
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FIGURE 3a. Piasfnid Const ryclLOfLS 
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FIGURE 3b Expression of TraTand TraT-vp7 

fusion proteins: Western analysis 
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FIGURE 3c. Cell surface labelling of E.coli 
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